Background. Endoscopic treatment in patients with acute variceal hemorrhage should be performed within 12 hours, but the recommendation is based on the experts' opinion. Objective. Our study investigated if time to endoscopy was a significant factor that could alter the outcomes of patients with suspected variceal hemorrhage. The primary outcome was the length of hospital stay and the mortality. The secondary outcomes were complications during observation periods. Methods. Patients were included if variceal hemorrhage was suspected in the emergency department. Patients were further divided into early (receiving endoscopy within 12 hours) and delayed groups (receiving endoscopy after 12 hours), and each patient was matched using a standard propensity score greedy-matching algorithm. The primary and secondary outcomes were compared accordingly. Results. 1442 patients met our inclusion criteria and therefore were enrolled for further analysis. In the Cox regression model, log time to endoscopy was not a significant factor. In the propensity score assignment, 566 patients (283 in each group) were further selected into the subcohort (P value = 0.8001). Kaplan-Meier curves showed a discharge benefit favoring the early endoscopy over the control group. The mortality rates and complications were not statistically different between the two groups (P value = 0.0045). Conclusion. Early endoscopy before 12 hours in patients with suspected variceal hemorrhage could result in shorter length of hospitalization without increasing the mortalities and complications. The results would help emergency physicians in decisions making when these patients are encountered.
Introduction
Acute variceal hemorrhage is a life-threatening complication of liver cirrhosis [1, 2] . Unlike nonvariceal bleeding, only 50 percent of patients with variceal hemorrhage stop spontaneously, and time management is necessary in order to improve the outcome. In addition to medical therapy, endoscopic treatment is considered currently the definitive treatment of choice [3] . Theoretically, early endoscopy can achieve quicker hemostasis, prevent possible complications, and decrease transfusions and length of hospital stay [4] [5] [6] . However, the insufficient preparation time may also lead to some drawbacks such as incomplete examination and aspiration. In the guideline published by the American Association for the Study of Liver Diseases and the American College of Gastroenterology [7] , endoscopic treatment should be performed within 12 hours, but the recommendation is based on the experts' opinion [8] .
Several studies based on the timing of endoscopy in variceal bleeding were controversial [8] [9] [10] [11] . The results were limited on the relative small case numbers, and the length of hospital stay was not taken into account. Our study retrospectively compared patients receiving endoscopy for suspected variceal hemorrhage to examine if the time to endoscopy can alter the outcomes in this cohort. The primary objective was to compare the duration of hospital stay between the two groups. The secondary outcomes were complications (resuscitations, repeated endoscopy, urgent operations, 14 day rebleeding, and 30-day all causes mortalities after discharge) during observation periods.
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Methods
Study Setting.
The study was a retrospective observational study. Buddhist Tzu Chi Dalin General Hospital is a teaching hospital located in the area where the prevalence of liver cirrhosis is highest among the country. Attending physicians of gastrologists on duty performed all endoscopies. On average, we received ten to twelve episodes of suspected variceal hemorrhage every month. Medical records for patients with suspected variceal hemorrhage in the ED between January 2001 and September 2011 were reviewed, and data were extracted by two authors (S. Y. C. and L. Y. K.). The analysis was performed by another author (H. C. Y.) after the completion of the data collection. The study was approved by the institutional review boards (IRB) of Buddhist Tzu Chi Dalin General Hospital.
Patients.
Patients were considered for inclusion if they were suspected cirrhotic and received terlipressin (the only medication for variceal hemorrhage in our hospital) in the ED because of gastrointestinal bleeding (GIB). They were excluded if endoscopy was not performed, the indication of terlipressin was not for GIB, or prolonged hospitalization because of reasons other than GIB. We defined early endoscopy when the procedure was performed within 12 hours on arrival to the ED [7] . We searched our electronic medical records during the study period to identify our study cohort. Age, sex, duration of hospital stay, antibiotic use in the ED, time to endoscopy, endoscopists, endoscopic findings, endoscopic treatments, treating physicians, and laboratory results were directly retrieved from computerized records. We further reviewed all the medical charts to gather the detailed information such as comorbidities, death and complications. For patients who were discharged from our hospital, a follow-up period of minimal 30 days was traced to check if there was mortality from any cause or readmission because of GIB during this period. All patients with suspected variceal hemorrhage were monitored with respiratory rate, pulse oximeter, electrocardiography, and blood pressure in the ED, and terlipressin was routinely administered before the endoscopy. Antibiotics before endoscopy were administered based on the decisions of individual emergency physicians.
Statistical Analysis.
Continuous variables were compared with -test and categorical variables with 2 test. 95% confidence interval (CI) and value were reported. A value of less than 0.05 was considered significant. All analyses were performed using Statistical Analysis Software for Windows, version V.9.2 (SAS Institute Inc., Cary, NC) and STATA version 11.2 (StataCorp, College Station, TX, USA).
Regression Models.
We used a multivariate Cox regression model to identify if time to endoscopy was associated with survival events in the cohort. A patient discharged alive from the hospital was regarded as censored (nonevent) on the time of discharge. The duration of hospital stay was defined as the duration from ED arrival to discharge from hospital. Age, sex, initial symptoms (bloody stool, melena, coffee ground emesis, hematemesis), initial vital signs (heart rates, blood pressure, respiratory rates and body temperature), log time to endoscopy, child criteria of liver cirrhosis, endoscopists, treating physicians, antibiotics use at ED, laboratory results (hemoglobin, white blood cell counts, platelet counts, partial thromboplastin time (PTT), sodium, potassium, glucose, blood urea nitrogen (BUN), creatinine, and aspartate aminotransferase (AST)), and comorbidities (alcoholism, hepatitis B or C carrier, and malignancies) were added to the multivariate model to find out the possible predictors for survival events.
Propensity Score Methods.
The propensity score was the conditional probability for early endoscopy under possible confounders. Age, sex, initial symptoms, initial vital signs, child criteria of liver cirrhosis, endoscopists, treating physicians, antibiotics use, laboratory results, and comorbidities were added into a multivariable logistic regression model to predict the effect of early endoscopy [12] . The predicted probability from the model was used as the propensity score for each patient. We then matched each patient in the early endoscopy group to the patient in the control group with the closest propensity score, using a standard greedymatching algorithm [13, 14] . After the 1 : 1 matched groups were assembled, the primary and secondary outcomes were compared accordingly. Kaplan-Meier curves were plotted to show the trend. Log-rank test was used to compare the difference of hospital stay and mortality between the early endoscopy and control groups.
Results
By reviewing of medical records, we identified 1658 episodes of suspected variceal hemorrhage in the ED during the 11-year study period. 1442 patients met our inclusion criteria and therefore were enrolled for further analysis. The selection process was summarized in Figure 1 . The baseline characteristics are shown in Table 1 . Before adjustment for possible confounding variables, the average duration of hospital stay was 7.74 days (95%CI, 0.09-65.53) in the early endoscopy Table 1) . After adjusting for above-mentioned covariates, log time to endoscopy was not shown to be a significant factor of survival events in the multivariate Cox regression model (hazard ratio = 0.974; value = 0.8001).
In the propensity score assignment, the covariates mentioned above were added into the multivariate logistic model to predict the effect of early endoscopy. The propensity score-matching process selected 283 patients from the early endoscopy group and the other 283 from the control group for further analysis (Figure 1) . Baseline characteristics were similar in the two groups (Table 2 ). In the propensity score matched subcohort, the early endoscopy group was again found to be associated with shorter hospital stay compared with control group (7.39 days versus 8.46 days, value (log-rank test) = 0.0045) when mortalities were taken into account. Kaplan-Meier curves showed a discharge benefit favoring the early endoscopy over the control group. (Figure 2) The mortality rates and complications were not statistically different between the two groups.
Discussion
Improvements in medical therapy have changed the prognosis of the patients with variceal hemorrhage [15] . However, the optimal "time to endoscopy" has not been defined to date. In the advance of vasoactive medications [16, 17] , it has been argued whether the early endoscopy could alter the outcome. Hsu et al. [10, 11] found that delayed endoscopy of more than 15 hours could increase the mortality, but the sensitivity and specificity are relatively low (72.0% and 59.4%, resp.), and the results could not be generalized to patients with uninvestigated GIB. We focused our study interest on patients with suspected variceal hemorrhage because the results could be more relevant to the decision making of emergency physicians. To our knowledge, this study is the first one that proved that early endoscopy of less than 12 hours could result in shorter hospital stay in patients with suspected variceal hemorrhage without increasing the mortalities or the complications. The effects not only can save the use of monitoring beds but also decrease the costs of hospitalization.
While increasing the strength of the recommendation of current guidelines [7, 8, 18] , we also found that the treatment benefits of endoscopy were not positively correlated with shorter duration based on the results of multivariate Cox regression model. During the first few hours, the endoscopic treatment may be suboptimal because of the poor preparation, and benefits of medical therapy (e.g., vasoactive agents, fluid resuscitation, etc.) may outweigh the earlier endoscopy [10] . To avoid the problems of multiple comparisons, we did not repeat our statistical tests by redefining the cut-off time. As a result, the best door-to-scope time cannot be determined in our study.
We had to acknowledge some study limitations. Our study was conducted in the retrospective fashion, and as a result, the unmeasured confounding and missing data would be argued. Most of our core variables were retrieved from the computerized records, and missing data were not an issue. Although prospective randomized controlled trials would ideally eliminate the unmeasured confounding, such study designs were difficult for ethical concerns. To overcome this limitation, we enrolled a relative large number of cases compared with other studies [8] [9] [10] [11] and adjusted the possible covariates extensively. After the adjustment, the discharge benefit in the early endoscopy group is significant enough that we did not think that there were other possible factors that could fully explain the effect.
In conclusion, early endoscopy before 12 hours in patients with suspected variceal hemorrhage could result in shorter length of hospitalization without increasing the mortalities and complications. However, the discharge benefits are not positively correlated with shorter duration. The results would help emergency physicians in decisions making when these patients are encountered.
